BH Virginis is a short-period eclipsing binary with two solar-type components. The photoelectric light curves in UBV RI , observed by Scaltriti et al. (1985), and in the B and 5125Å bands, observed by Hoffmann (1982) , were analyzed by using the 1992 version Wilson-Devinney program to investigate the activity of spots. The results show that there was a small cool spotted active region on the secondary star in 1984. The position and area of the active region in 1984 are remarkably similar to those in 1991. The distortion waves in the light curves observed by Hoffmann (1982) can be fitted satisfactorily with two hot-spot active regions: one is on the primary star, and the other is on the secondary component. The mass ratio q = m 2 /m 1 , obtained from photoelectric light curves, is inside the range of 0.965-0.971. It is close to the spectroscopic value of 0.968 obtained by Zhai et al. (1990) . To study the physical cause of the variations and the distortions in the light curve of BH Vir, the photoelectric observations in BV observed by Koch (1967) were re-analyzed based on a new spot model with an assumption of one cool spot active region on the primary star and two cool spot active regions on the secondary star. The fit of the new spot model to the observations is better than that of our former result (Xiang et al. 2000). The present results suggest that BH Vir may have an active cycle with a period of 7-10 years.
Introduction
According to the Catalogue of Chromospherically Active Binary Stars (Strassmeier et al. 1988) , BH Vir is a shortperiod RS CVn system. The first observations of BH Vir were published by Zessewitsch (1944) . Since then, photometric studies of the system have been carried out by many authors (Kitamura et al. 1957; Koch 1967; Sadik 1978; Botsula 1978; Hoffmann 1982; Scaltriti et al. 1985; Arévalo et al. 1987; Xiang, Liu 1997; Clement et al. 1997) . Koch (1967) reported changes in the depth of the primary eclipse of a tenth of a magnitude in only few days. Hoffmann (1982) concluded that the intrinsic variations arose from both components, and suggested that BH Vir might belong to the short-period RS CVn group. The evidence for solar-like spot activities was discussed by Scaltriti et al. (1985) , Budding and Zeilik (1987) , Zeilik et al. (1990) , and Zhai et al. (1990) . However, most of them did not give a detailed analysis. Zeilik et al. (1990) collected completed light curves of BH Vir from 1953 to 1986, and fitted every light curve by a cool spot, Zhai et al. (1990) analyzed photoelectric observations in UBV observed by Koch (1967) and in the B and 5125Å bands observed by Hoffmann (1982) with the Wilson-Devinney program by using a model with two circular dark spots. Their spot models are too simplistic to explain the long-term activity phenomena of BH Vir very well. More recently, Xiang et al. (2000) and Xiang and Zhou (2004) analyzed the observations in BV observed by Koch (1967) , in the 4650Å and 5500Å bands observed by Kitamura et al. (1957) , and in BV observed by Xiang and Liu (1997) . They revealed that the spot active region was not only on the primary star, but also on the secondary component.
Because the vast majority of observed light curves show large distortions, the analysis of the photometric light curves for BH Vir is a difficult task. In order to study the star-spot connection, and to find out the pattern of the spot activities of BH Vir, we employed the Wilson-Devinney program to carry out an analysis of the photoelectric light curves in UBV RI observed by Scaltriti et al. (1984) , in the B and 5125Å bands observed by Hoffmann (1982) and in BV observed by Koch (1967) . Scaltriti et al. (1985) made the complete light curves in UBV RI . They used their observations to obtain a value for ∆T , the temperature difference of the cool spotted region relative to the photosphere, of 1300-1400 K. Zeilik et al. (1990) re-analyzed these observations by using a model with a circular cool spot. However, all of them attributed the activity regions to the primary star. Their spot models might be inappropriate.
Spot Model Solution of the Light Curves
Here, we re-analyzed these observations using the 1992 version of the Wilson-Devinney program (Wilson 1992) . In our analysis, the individual observations were combined into 60 normal points in each color. The number of individual observations in each normal point was taken as the weight (w i ) of each point. The numerical values in the U band, for example, are given in table 1. The five light curves in UBV RI were employed simultaneously in deriving our solutions. According to the spectral types G0 V + G2 V by Abt (1965) and F8 IV-V + G2 V by Koch (1967) , we adopted a temperature for star 2 (star eclipsed at Min.II) of 5500 K. The other adopted parameters were in the following: gravitydarkening exponents, g 1 , g 2 = 0.32, the bolometric albedo of Al-Naimiy (1978) . The adjustable parameters employed were as follows: the orbital inclination (i), the dimensionless potentials of star 1 and star 2, (Ω 1 and Ω 2 ), the mean temperature of star 1 (T 1 ), and the monochromatic luminosity of star 1 (L 1 ). The relative brightness of the secondary star was calculated by the blackbody radiation model. The reflection effect was computed with the detailed model of Wilson (1990 Wilson ( , 1992 . In order to search for an appropriate photometric mass ratio, solutions were made for a series of fixed values of the mass ratio, q = m 2 /m 1 (0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7). Firstly, a convergence test for the solution was carried out using a normal Roche model without spots.
2 is the sum of the weighted squares of the residuals between the theoretical light curve and the obser-
2 was achieved at q = 1.0. Then we introduced the spot model to our program and expanded the adjustable parameters to include q.
From the light curves observed by Scaltriti et al. (1985) , we can easily see that only a small decrease in the system brightness occurred around a phase of 0.65. However, around the secondary eclipse the light curves show in symmetry. It is known that, in this case, if a cool spot was on the primary star, the light curves should show asymmetry. For this reason, we adopted a cool, circular spot model for the active regions on the secondary star to obtain the final spot parameters. The results are presented in tables 2 and 3. The theoretical light curves for the spotted solution are shown as solid lines in figures 2-4. The systematic deviations in O − C are less than 0. m 004, as shown in figures 5-7.
Here, in every color, only the 100 observations are shown in the O − C figure. 3. The Spot Activity in 1963-1964 and 1977 We then follow the same procedure for the photoelectric light curves in BV observed by Koch (1967) . Zhai et al. (1990) have published an average solution for the observations of [1963] [1964] . As discussed in the paper of Xiang et al. (2000) , their spot models could not fit the observations well. Xiang et al. (2000) improved the spot model including a spotted region on the secondary star to fit the observations by Koch (1967) . However, their solution also shows some systematic deviations in the O − C of light curves around the primary eclipse and secondary eclipse (Xiang et al. 2000, figure 7 ). Because we think that their spot model may be inappropriate, we tried a new spot model. The DC program (Differential Corrections Main Program of Wilson-Devinney) was used to • 39 ± 0.
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T s = temperature of spot; T ph = temperature of photosphere.
obtain the final spot parameters. The results are also given in tables 2 and 3. The computed light curves and the appropriate O − C residuals are shown in figures 8 and 9, respectively. The systematic deviations in O − C are less than 0. m 006. In order to determine the pattern of spot activities of BH Vir, the photoelectric observations in B and 5125Å bands observed by Hoffmann (1982) were also re-analyzed by using the 1992 version Wilson-Devinney program. Zhai et al. (1990) made an assumption of two cool spotted active regions on the primary star to fit these observations. Figure 10 shows the O − C value of BH Vir in 1977, computed by the spot model of Zhai et al. (1990) . From figure 10, we can clearly see that there are large systematic deviations in the O − C of light curves around the primary eclipse and phase of 0.8. In fact, the light curves this observed phenomenon was caused by some hot spots on both components. The fit of the theoretical light curves of our solution to the observations is fairly good, as shown in figure 11 . The O − C residuals are shown in figure 12. 
Conclusions and Discussion
In this study, we used the data observed in 1963-1964, 1977, and 1984 to investigate the spot activities of BH Vir. From this work and our former solutions (Xiang et al. 2000; Xiang, Zhou 2004) , some interesting results have been obtained:
(1) The photosphere temperature of the primary, T 1 , is about 5945-6052 K. It is close to the effective temperature for G0, the spectral type reported by Abt (1965) . (2) The mass ratio q = m 2 /m 1 is in the range of 0.965-0.971.
It is in agreement with the result of Zhai et al. (1990) . (3) Both components display Solar-like activity phenomena, and the activity scale of the secondary star is greater than that of the primary star. (4) The variations of the light curves observed in 1977 can be well-fitted by a model of two hot spot well. The most generally accepted hypothesis to explain this activity phenomena may be that two large cool spots evolve to their end and remain two hot regions as observed on other systems by Vogt et al. (1983) . (5) The spot size and spot position on the secondary star in 1984 are similar to those in 1991 (see Xiang et al. 2000) , and also, the spot parameters in 1963-1964 are close to those in 1953 -1954 (see Xiang, Zhou 2004 . This fact shows that BH Vir should have an active cycle, and we can estimate that the active cycle is about 7-10 years. It is identical to the variation of the orbital period of 9.12 years obtained by Qian et al. (2000) .
However, the observations of BH Vir are not continuous and systematic in epochs. The active cycle of BH Vir should be verified by spectroscopic observations. Hence, regular monitoring of photometry and spectrophotometry are very important to determine a spot activity-period of BH Vir.
